proposed a new classification for lung adenocarcinomas. The new classification system fully affirmed the role of preoperative computed tomography (CT) examinations in the diagnosis of early-staged lung cancer; the data provided by studies using the new classification system indicate that the lymph node metastasis rates for adenocarcinoma in situ (AIS) and minimally invasive adenocarcinoma (MIA) are extremely low and that patients are expected to have 100% or nearly 100% disease-specific survival following complete resections (1). With the rapid development of multidetector spiral CT (MDCT) and video-assisted thoracoscopic surgery (VATS), not only can small pulmonary nodules be detected clearly but also more and more patients with small nodules that are highly suspicious of lung cancer can be cured with minimally invasive surgery. Atypical adenomatous hyperplasia (AAH), AIS, and MIA often present as pure ground-glass nodules (pGGNs) or mixed ground-glass nodules (mGGNs) containing small amounts of solid elements that are detected on CT images; the diameter of such nodules is often less than 10 mm, and early intervention can improve the prognoses of patients with these lesions. However, it is widely known that these lesions, which are small in volume and low in density, can be extremely difficult to accurately position during surgery and in surgically resected specimens, leading to problems for both thoracic surgeons and pathologists. In addition, it is much more difficult for pathologists to localize all lesions without CT-guided fine-needle localization when two or more GGNs are present in the same lobe. In such cases, the localization of all the GGNs is crucial because the pathologic diagnosis (including gene mutations) of each nodule could help to guide subsequent treatments (1, 2). The aim of this study was to analyze the value of CT-guided fine-needle positioning of lesions that presented as GGNs on CT images under constant, moderate mechanical aeration of the surgical specimens. To the best of our knowledge, this is the first study describing needle localization of small lung nodules in postoperative specimens. 
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Methods

Patients and specimens
Forty-three consecutive patients were involved in this study (From February 2012 to May 2014), including 16 men (37%) and 27 women (63%), with a mean age of 53.37±11.31 years (range, 27-75 years). All patients were informed and accepted the procedure, and the procedure was approved by the institutional ethics committee. All patients were clinically asymptomatic, and their pulmonary GGNs were identified by CT screening. There were one or more than one small nodules (with a diameter of 10 mm or smaller) in all 43 cases. Of 43 cases, eight had two or more nodules in their resected specimens (Tables 1 and  2 ). There were 69 nodules in total. Nodules were in the upper lobe of the right lung in 20 cases (47%), in the right middle lobe in six cases (13.9%), in the right lower lobe in five cases (11.6%), in the left upper lobe in six cases (13.9%), and in the left lower lobe in six cases (13.9%). All lesions were considered highly suspicious for early-stage lung adenocarcinoma during the preoperative CT examinations. All patients were operated using VATS; 21 patients (48.8%) underwent pulmonary lobectomy, six patients (13.9%) wedge resection, 15 patients (34.8%) segmentectomy, and one patient sublobar resection. None of the lesions detected by the CT scans were visible or could be palpated on the surface of the surgically resected specimens.
Fine-needle localization and CT examination
Surgical specimens were sent to the CT examination room immediately after resection, without washing, fixation, or incision. An inflatable aerator was used to inflate the lung specimens. The air outlet of an electric pump was connected to a rubber tube, and the end of the rubber tube was connected to a fine needle of the type that is commonly used for clinical infusions. The needle was then inserted into the bronchi of a resected specimen, and the specimen was aerated after ensuring that no leak was present. There were metal clips for sealing the notch in specimens resected by VATS. The lung specimens were well re-aerated although there might have been a small amount of gas leakage because of continuous aeration. The positions we placed the specimens were consistent with the in vivo positions on the examination couch according to the metal clips and marks by thoracic surgeons (up and down, ventral and dorsal). We performed the CT scans when the specimens were considered to be well re-aerated. We reviewed the images and found the location of nodules (CT image-guided), and localized these nodules by fine needles according to the position lines. We used an inflatable aerator that is made for home aquariums, so the pressure was not high enough to destroy the lung structures. When the CT images indicated poor aeration, the specimens were scanned again after inflation with more air; this process was repeated until the lesions were clearly displayed (Fig. 1) . After an accurate location of the lesion was obtained in the specimen, in combination with the preoperative CT images for the patient, the fine needle was inserted for positioning the lesion (Fig. 2) . The specimens were then sent to the pathology department with the fine needle left in place (Fig. 3) .
A 64-detector row CT scanner (GE Light speed VCT or GE Discovery CT750 HD, GE Healthcare) was used for both preoperative CT examinations and postoperative specimen scans with the following protocol: 0.625 mm section width with a 0.625 mm reconstruction interval and a pitch of 0.984. All images were reviewed with a high-resolution 20.8-inch (52.8 cm) 2048×1560 pixel gray-scale monitor with standard lung (window width, 1500 HU; window level, -500 HU) and mediastinal (window width, 350 HU; window level, 50 HU) window settings. Multiplanar reconstruction, volume rendering and curved planar reformation were used for further nodule assessment (Fig. 4) .
Pathologic diagnosis
The pathologic diagnoses and categorization of AAH, AIS, MIA, and IAC were carried out based on the most recent pulmonary adenocarcinoma classifications (2011 edition) (1). GGNs were resected using video-assisted thoracoscopy or thoracot-
Main points
• Increasing number of small pulmonary nodules are detected by CT screening, and many of them are resected with minimally invasive surgery for being highly suspicious of malignancy.
• After surgery, it is difficult to accurately localize small pulmonary nodules on resected specimens for pathologic sampling.
• CT-guided fine-needle localization on re-aerated lung specimens can accurately position small nodules with a high rate of success. Representative hematoxylin-eosin-stained sections were reviewed. In cases of equivocal pathologic classification using light microscopy, immunohistochemical analyses were performed for clarification. All histologic preparations and analyses were performed by two senior pathologists. In cases of disagreement, a mutual consensus was reached after discussion and/or consultation with a third pathologist.
Results
All 43 cases were positioned successfully without damage and with the needle at the edge of the lesion; all samples were obtained CT-guided fine-needle localization of GGNs in re-aerated lung specimens • 393 successfully. Pathologic diagnoses were established for all 69 nodules (Tables 1 and 2 ).
Discussion
With the help of CT-guided fine-needle localization, we were able to take pathologic samples successfully from all 43 patients. With high quality samples, definitive pathologic diagnoses were obtained and used as guidelines for subsequent treatments of these patients. Thus, in our daily clinical practice, our multidisciplinary team can operate on more asymptomatic lung nodule patients without worrying about the difficulty of pathologic sampling.
Following the popularization and application of MDCT, an increasing number of ground-glass nodules (GGNs) have been found in otherwise healthy patients during routine checkups. The percentage of malignant lesions found in GGNs is higher than that found in solid pulmonary nodules (3). The majority of malignant lesions in GGNs are adenocarcinomas (1, 3) . Both AIS and AAH lesions are classified as preinvasive adenocarcinomas under the new classification system, and the data provided by studies utilizing the new classifications indicate that patients with AIS or MIA have very high five-year survival rate following surgical treatment (1). AIS and MIA lesions are generally very small and often appear as ground-glass opacities on CT images, conventional chest X-rays, and thick-layer CT scans, possibly leading to misdiagnosis. With the development of MDCT technologies and a deeper understanding of the characteristics of early-staged lung cancer by radiologists, the accurate preoperative diagnosis rate for these small lung lesions is continually improving. Furthermore, with the growing popularity of VATS, the risk of surgical resection has been greatly reduced (4) . It is often difficult to differentiate neoplastic GGNs from non-neoplastic lesions, such as inflammatory or fibrotic lesions (5) . Following the guidelines of the Fleischner society as well as the ACCP guidelines a resection of such small lesions is rarely indicated (6). However, there are some nodules regarded as highly suspicious of malignancy by radiologists. According to research on CT diagnosis of lung adenocarcinomas, small size of GGNs could also be AIS or MIA (7) . Approximately half of these tumors bear a mutation in the epidermal growth factor receptor (EGFR). These tumors have a tendency to occur in the Asian population, particularly in Asian women, and for this reason much of the original work describing their pathologic and clinical characteristics has come from groups in Japan (6) . Based on the lung cancer CT screening experience accumulated over the past several years, thousands of subcentimeter nodules were proved to be cancers at the time of resection (6) . In cases of suspected invasive adenocarcinoma, some patients underwent lobectomy, which was confirmed as AIS or MIA by pathology. We often encounter patients with multiple primary lung cancers with ground-glass opacity. However, there are no established guidelines regarding the optimal extent of resection for multifocal lung adenocarcinoma (8) . Moreover, GGNs are often localized to one lobe of the lung, and although the lobe can be resected, these GGNs are generally too small to be found pathologically if not localized prior to the operation, which can be problematic for both surgeons and pathologists. In other words, all lesions may not be identified or accurately diagnosed by the pathologist if all of the small GGNs within a lobe are not identified prior to surgery. Many lesions cannot be identified by surgeons because the lesions are similar to normal lung tissue in density. Therefore, the identification, localization, and removal of such lesions from specimens is very difficult for thoracic surgeons and pathologists due to the small size and density of these lesions. At worst, the inability to locate lesions can negatively impact histopathologic diagnoses and subsequent treatments (9) . Indeed, the pathologic localization of all GGNs less than 10 mm in size can be difficult, or even impossible, in real-world practice, particularly when multiple GGNs are found in the same lobe. This is particularly important in cases with two or more GGNs in the same lobe, in which two or more GGNs are diagnosed as adenocarcinomas. This fact is crucial because it is very important to pathologically diagnose all GGNs for evaluation of prognosis (2) . Multiple nodules in the same lobe could be of different gene mutational types such as EGFR gene or K-ras gene mutations (10) . Ultimately, the gene mutation types will guide subsequent treatment strategies. Therefore, it is crucial to accurately define the nature of all lesions. In this study, we were able to localize all lesions in the specimens using CT-guided fine-needle localization following re-aeration of the specimens, even in cases where the scapula or hilum was nearby.
When lung nodules suspicious of malignancy are particularly small in size (e.g., less than 10 mm) or low in density, it can be extremely difficult for pathologists to accurately identify the location of the lesions in postoperative specimens, which may require sectioning and microscopic examination of the entire portion of the sample where the lesions may exist. The latter scenario would require significant time and effort to carry out, particularly the intraoperative examination of frozen sections. Indeed, the rapid and accurate localization of lesions can dramatically shorten the anesthesia time, and the accurate localization of lesions can lead to a more accurate histopathologic diagnosis, which can greatly affect the scope of a given operation by indicating an expanded resection or cleaning of local lymph nodes.
There are several techniques used to localize pulmonary nodules: 1) Preoperative or intraoperative injection of methylene blue dye at the site of a pulmonary nodule; 2) Intraoperative ultrasound; 3) Radio-guided detection; 4) CT-guided positioning of a metal wire. Each of these techniques has advantages and drawbacks. Due to overinfusion of the methylene blue dye or errors in the nodule localization, the failure rate for methylene blue injection is approximately 13% (11) . Intraoperative ultrasound localization of pulmonary nodules also has limitations; namely, this process is operator dependent and requires a specialized flexible probe and complete collapse of the lung being assessed (12, 13) . In contrast, the localization of lesions via preoperative CT scans allows the surgeon to determine the focal positions of lesions quickly and accurately during the operation procedure, reducing intraoperative injuries and aiding in accurate pathologic diagnoses. Preoperative CT-guided hook-wire positioning is one of these techniques, and this technology allows for much greater accuracy in positioning the pulmonary nodules and greatly decreases rates of conversion to thoracotomy. (14) . However, this technology also has the following disadvantages: 1) Primary preoperative CT-guided percutaneous fine-needle localization positioning can be traumatic and may lead to complications, including hemorrhage, pneumothorax, hemothorax, and tumor spreading or implantation, among others (15, 16) of the hooks can change (17) , affecting the resection of the lesions and sampling of the specimens following the operation; 3) Many lesions are not suitable for hook-wire localization if they are located close to the scapula or hilum.
CT-guided positioning of lesions that present as GGNs on CT images using fine needles under constant, moderate mechanical aeration of the specimen (i.e., maintaining the charging state of the lung tissue) can increase the density of lesions relative to the surrounding lung tissue, allowing for better access and higher quality CT images compared with the preoperative CT examination. This highly accurate method of lesion positioning allows for effective fine-needle localization of surgical specimens and avoids excessive damage to the patient. In addition, this method is suitable for specimens resected during thoracotomy and thoracoscopic surgeries that involve either lobectomy or wedge resection. However, the success of this approach is highly dependent on the airway integrity of the surgical specimens, requiring thoracic surgeons to avoid damaging the specimens as much as possible. In case of wedge resections, the operative incision should be stitched carefully; if leaks are observed during the inflation process, these must be immediately repaired to avoid inflation failure. However, if the surgical specimens being CT-scanned are kept under constant, moderate mechanical aeration, local air leakage may be avoided. If the surgical specimens have not been seriously damaged, then the lesions should be clearly visible as long as the pulmonary segments surrounding the lesions are well aerated.
We do note some limitations of this study, including the small sample size and relatively few specimens with two or more nodules in the same lobe.
In conclusion, based on the cases analyzed here, CT-guided positioning of lesions in surgical specimens using fine needles under constant, moderate mechanical aeration allows for the rapid and accurate localization of lesions and helps avoid preoperative damage from fine-needle localization, thereby effectively decreasing the occurrence of complications in patients.
